There is a high prevalence of osteoporosis in HIV-infected patients. Initially described in HIVpositive men, studies have also demonstrated a high prevalence of osteoporosis in HIV-infected women. It would appear that antiretroviral therapy (ART) plays an important role in the pathogenesis of osteoporosis in HIV-infected patients, although little is known about its importance in relation to osteoporosis and fractures in HIV-positive women. The aim of this systematic review was to evaluate the frequency of bone loss, bone mineral density (BMD) and fractures in HIVpositive women taking ART or protease inhibitors (PI). After screening 597 citations from the databases of PubMed, EMBASE and Lilacs, five studies were selected for the review. A difference was demonstrated of over 3% in the BMD at the femoral neck of HIV-positive women taking PI/ ART. No difference was registered in the BMD at the lumbar spine between users and non-users of PI/ART. The lack of studies has made it impossible to reach any conclusion regarding the occurrence of fractures. Arq Bras Endocrinol Metab. 2010;54(2):133-42 Keywords HIV; osteoporosis; fractures, bone; bone density; highly active antiretroviral therapy; systematic review Sumário A prevalência de osteoporose é elevada em indivíduos infectados pelo HIV. Inicialmente descrita em homens HIV-positivos, estudos demonstraram alta prevalência de osteoporose também em mulheres HIV-positivas. A terapia antirretroviral parece exercer papel importante na patogênese da osteoporose dos indivíduos com HIV. Pouco se sabe sobre sua importância para a osteoporose e fraturas nas mulheres HIV-positivas. Esta revisão objetivou avaliar a frequência de perda de massa óssea, densidade mineral óssea (DMO) e fraturas em mulheres HIV-positivas em uso de terapia antirretroviral (TARV) ou inibidores de protease (IP). Após busca nos bancos de dados PubMed, EMBASE e Lilacs, de 597 citações, cinco estudos permaneceram na revisão. Demonstrou-se haver uma diferença superior a 3% na DMO no colo do fêmur de mulheres HIV-positivas em uso de IP/TARV. Não se evidenciou diferença na DMO da coluna lombar entre usuárias e não usuárias de IP/TARV. A escassez de estudos impossibilitou qualquer conclusão sobre a ocorrência de fraturas. Arq Bras Endocrinol Metab. 2010;54(2):133-42 
osteopenia by DXA is based on the fact that the risk of fracture doubles at each SD below normal in the healthy population (3).
It has been demonstrated that in HIV-infected individuals the prevalence of osteoporosis is up to three times higher than in sero-negative individuals (4). Initially described in HIV-positive men (5, 6) , recent studies have also shown a high prevalence of osteoporosis in HIV-infected women (7) .
The pathogenesis of osteoporosis in HIV-infected individuals has not been completely elucidated. It is known that traditional risk factors, such as hypogonadism, low body weight, smoking, alcohol and drug abuse, are more frequent in the HIV-positive population (8, 9) . It would also seem that other factors associated to HIV infection are linked to these traditional risk factors. Studies have demonstrated that individuals with low nadir CD4 counts (10, 11) and longer HIV infection (12) present a low bone mineral density (BMD). Furthermore, the increased levels of inflammatory cytokines such as TNF-α and IL 6 present in chronic HIV infection may increase bone turnover through osteoclast stimulation (13) . Overall, HIV-infected individuals have an increased bone turnover (13) . In antiretroviral therapy-naïve individuals, bone formation may be depressed and bone resorption increased. After initiation of antiretroviral therapy (ART), there is a recoupling of bone turnover, but the rate of bone remodeling remains increased (14) . Bone biopsies were performed in few studies. Serrano and cols. (15) studied 22 ART-naive HIV-infected patients and found overall reduced bone formation, with decreased numbers of osteoclasts and without clinically significantly decreased BMD. Bone loss in HIV-infected individuals has also been associated with other metabolic disorders such as glucose intolerance, dyslipidemia, central fat accumulation (16) and decreased total body fat (17) .
Antiretroviral therapy also seems to play an important role in the pathogenesis of bone loss in HIV-infected individuals. Experimental studies have demonstrated that nucleoside analog reverse transcriptase inhibitors (NRTIs) as well as protease inhibitors (PI) interfere in the bone microenvironment in different ways. Zidovudine has been shown to induce osteoclatogenesis and tenofovir to impair bone mineralization (18) . PI impair the osteoblast and osteoclast functions by different mechanisms -blocking RANKL signaling, decreasing calcitriol activity, inhibiting osteoblast differentiation (19, 20) . Cross-sectional studies have reported an increase in the frequency of BMD reduction in HIV-positive individuals taking ART (21, 22) , especially with PI (4, 11) . Following this, the association with NRTIs was also reported (23) . However, other studies have not confirmed the association between a reduction in BMD with ART, nor with PI (24) . In longitudinal studies, conflicting data regarding ART and BMD reduction have also been reported. When compared with healthy individuals, HIV-positive patients taking ART have a lower basal bone density, which remained stable during the evaluated period (12, 25) . Clinical trials conducted with ART-naïve individuals, demonstrated a reduction in BMD during the monitoring period after beginning ART. These findings occurred not only in therapeutic regimens that specifically contained PI (26) , but also in ART, irrespective of the type of antiretroviral (27) , and so the association between BMD and PI has not been completely elucidated.
Although there is a certain controversy as to whether ART, specific drugs or a class of drugs are involved in the pathogenesis of bone loss in HIV-infected individuals, one meta-analysis indicated that the risk for patients taking ART was 2.4 times greater and for those on PI 1.5 times greater (4). It is worth highlighting that the studies included in this meta-analysis were made up of a predominantly male population. Very few studies have evaluated the risk of bone loss specifically in HIVinfected women (7, 8, (28) (29) (30) (31) (32) (33) (34) (35) Therefore, a literature review was carried out with the aim of clarifying certain questions surrounding osteoporosis in HIV-positive women, which to date have remained unanswered: (1) Is the occurrence of bone loss and fractures in HIV-positive women using ART/ PI higher when compared to non-users? (2) Is bone density in HIV-positive women using ART/PI lower than in non-users?
mETHoDS

Strategy for screening and selecting studies
The present review selected studies carried out on humans, with analytical, observational (cross-sectional, case-control and cohort) and intervention designs (controlled clinical trials and "before and after" studies), available on the databases of PubMed, EMBASE and Lilacs in English, Portuguese and Spanish. The research period covered was from 1987, when the first antiretroviral drug was approved by the FDA (36), until August 2009. No unpublished studies, abstracts of scientific events, dissertations and theses were included. The key-words were selected according to MeSH (Medical Subjects Heading Terms/PubMed): "HIV"; "Highly Active, Antiretroviral therapy" (HAART); "osteoporosis"; "Bone density" and "fracture, bones". On EMBASE, the description "Highly Active, Antiretroviral therapy" was recognized as "antiretrovirals". In order to identify the eligible studies, the key-words were cross-referenced, thus: "HIV and osteoporosis"; "HIV and bone density"; "HIV and fractures, bone"; "HAART and osteoporosis"; "HAART and bone density"; "HAART and fractures, bone".
Data extraction
Screening, selecting and extracting of data were conducted concomitantly by two independent investigators (EHC and TG), according to the protocol for conducting a systematic review by PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) (37) . In cases of discordance between the investigators, the complete text of the article was consulted and its eligibility was defined by consensus. Data from the selected article were extracted in a systemized form.
inclusion and exclusion criteria
Studies were selected that included adult women (older than 18 years of age or a population report by the authors) and evaluated as primary or secondary endpoints, the occurrence of osteopenia/osteoporosis (according to WHO criteria), bone mineral density (by DXA, with the results in g/cm 2 ) or the occurrence of fractures (by X-rays) associated to ART or PI. There was no minimum or maximum time limit for taking ART or PI. Studies that evaluated individuals of both sexes were selected for reading, and then included if the results for female patients were separately available. Studies were excluded if there were no available abstracts in the research database and on the site of the original journal as were studies that included male individuals only, children and adolescents. Studies were also excluded when they used other measures for evaluating bone mineral density other than the t-score or g/cm 2 and those that evaluated occurrences of fractures by non-radiographic methods (X-ray).
outcome measurements WHO criteria were employed to characterize osteoporosis and osteopenia (2). The term "reduction of bone density" was used to designate the changes as a percentage of the bone density in g/cm 2 in longitudinal studies. "Bone loss" means the presence of osteopenia and osteoporosis in studies that did not express the result of each category separately, irrespective of the site evaluated (lumbar spine, proximal femur and total body). Fractures were only considered as those which had been diagnosed by radiography.
Synthesis and comparison of the studies
The articles were systematically reviewed in relation to exposure: the use of ART (the use of any drug or combination of antiretroviral drugs that were not expressly in accordance with the class) and the use of PI (the use of any protease inhibitor). In the study by Huang and cols. (35) to evaluate the use of ART, data supplied for the use of NRTIs were considered since 100% of those on ART were also taking NRTIs. In relation to the outcome: the occurrence of osteoporosis and osteopenia, bone mineral density (g/cm 2 , calculating the difference of the groups), and the occurrence of fractures. In relation to the design of the studies: design (observational -cross-sectional or longitudinal -or intervention), objectives, inclusion and exclusion criteria. In relation to possible confounding factors: relating to HIV-infection (time of infection, CD4 and viral load), relating to the individual [age, menopause, BMI (body mass index) ethnicity/frequency of white individuals] and relating to life habits (current and previous use of alcohol, illicit drugs and smoking).
A narrative synthesis of the selected studies was conducted.
rESuLTS
A total of five studies were identified. Screening from the PubMed, EMBASE and Lilacs databases provided 597 non-duplicated citations. Of these, 557 studies were excluded after evaluating the title or the abstract, since they did not comply with the inclusion criteria or contained at least one of the exclusion criteria. Of the 40 articles selected for detailed analysis, 32 had been conducted with patients of both sexes (10) (11) (12) (21) (22) (23) (24) (25) (26) and only eight (8, (28) (29) (30) (32) (33) (34) (35) had been conducted with a totally female population. The selection process finished with four studies which included only women (28, (33) (34) (35) and one study with a population of both sexes in which the results for men and women were presented separately (38) . The complete selection process is described in figure 1.
ART/PI (28, 33, 35) . Of these, one study provided data grouping both the lumbar spine (LS) and proximal femur (PF) (28) , another considered data from the lumbar spine only (33) and another, data from the proximal femur only (35) . Information regarding BMD in g/cm 2 was available in three out of the five studies (28, 34, 35) . In the clinical trial, the only data provided was the percentage difference between the initial whole body BMD values of all women included in the study and at the end of the monitoring period (38) . Only one study evaluated fracture by X-ray (33) .
In relation to the exposures of particular interest to the present review, three studies evaluated the outcomes in relation to the use of ART (33, 35, 38) , and two to the use of PIs (28, 34) . Table 3 shows a summary of the outcomes and exposure variables considered by the authors to describe the population of HIV-infected patients in the various studies. These risk factors either classical or HIV-associated have not been categorized by the use of ART or PI since this information was not available in all the studies. Some data referring to the study by Anastos and cols. (28) do not appear on the table since they were supplied for the four evaluated exposition groups (HIV-negative, HIV-positive patients ART-naïve, HIV-positive patients using ART but not PI and HIVpositive patients using ART with PI). Thus, it was decided not to aggregate the values, given that it would be necessary to calculate the mean values.
The study by Anastos and cols. (28) reported that patients on ART presented lower CD4 nadir counts and a greater viral load, both statistically significant when compared to those not using ART (numerical data not available). With regard to risk factors related to the patients, post-menopausal factors were only described in two of the studies (28, 33) . Yin and cols. (33) only included post-menopausal women in their study. Anastos and cols. (28) studied a higher number of postmenopausal women on ART/PI regimen than those on ART without PI (p < 0.001). With regard to BMI, only in the study that evaluated women with wasting syndrome based on weight loss the mean value of BMI was 21.5 (+/-3.5) kg/m 2 (35) . In the other, the mean BMI was between 25-30kg/m 2 , that is, in overweight patients (33, 34) . In the studies reporting the ethnicity of the participants the majority was categorized as "non-white", of predominantly African-American and Hispanic origins (28, 33, 34) . Not all studies provided data concerning use of toxic substances (Table 3) . General characteristics of the studies and the studied population Tables 1 and 2 contain the main characteristics of the selected studies and the studied populations, respectively. The majority of the studies were cross-sectional (80%). All had been published in English and conducted with North American women, except for the multicentric clinical trial (38) . Only one study had primarily been designed to respond to the same questions as this systematic review (28) . The other contained secondary information regarding the influence of ART on bone mass in HIV-positive women (33) (34) (35) 38) (Table 1) .
None of the four studies evaluated only HIV-infected women (28, (33) (34) (35) . The mean age ranged from 37 to 56 years, and in the majority of studies the mean age was above 40 years of age ( Table 2 ). The inclusion and exclusion criteria differed among studies and are displayed in table 2.
Studies outcomes and exposures
In relation to the outcomes of the selected studies, three (60%) presented bone density in accordance with WHO criteria amongst female users and non-users of (39) 37 (44) 34 (40) Bone mineral density data in patients on arT/Pi osteoporosis/osteopenia in women on arT/Pi
As mentioned above the frequency of osteoporosis and osteopenia according to WHO criteria (2) was described in three of the five studies selected (28, 33, 35) . However, the data supplied by these studies differed not only in relation to the involved site (LS, PF or both) but also with regard to their exposure (ART or PI) and therefore could not be grouped (Table 4) . Anastos and cols. (28) , in a cross-sectional study with 426 women, some of whom were HIV-infected (n = 274), others uninfected (n = 152), found osteopenia at LS and femoral neck (FN) in 22% of the women on PI and in 14% of those not (statistical analysis not provided). Osteoporosis of the LS and of the FN was present in 7.3% of the patients taking PI and in 4% of those not taking it. However, this difference was not statistically significant.
Yin and cols. (33), studying 217 postmenopausal women with (n = 31) and without (n = 186) HIV, reported LS osteoporosis in 42.8% of women on ART and in 33% of HIV-infected women not using ART. In this study, no statistical analysis was carried out with regard to the use and non-use of ART. In a univariate analysis, no association was found between LS and FP osteoporosis and the different classes of ART (numerical data not provided).
Huang and cols. (35) conducted a study with women with relative androgen deficiency, with HIV and wasting syndrome (n = 28) and without HIV (n = 21). There was no difference between the frequencies of osteopenia and osteoporosis in the FN amongst users and non-users of ART (p = 0.68 e p = 1, respectively).
Bone density (g/cm
2 ) in women on arT/Pi A quantitative evaluation of bone mass was conducted in four of the five studies selected (28, 33, 34, 38) (Table 5 ).
There was only one longitudinal study (38) and this demonstrated a decrease of 2.2% in whole body BMD in HIV-positive women over a period of 96 weeks (statistical analysis not provided). A clinical trial selected HIV-positive ART-naïve to start ART with PI (lopinavir/r) or ART with NNRTI (efavirenz). In this study the characteristics of the female population were not expressed separately. Amongst the cross-sectional studies, two evaluated bone mass in relation to the use of PI (28, 34) and one study in relation to the use of ART (35) . Anastos and cols. (28) demonstrated a difference greater than 3% in the BMD amongst women on PI when compared to those not on PI, in the LS as well as the femoral neck. However, the difference was statistically significant only in the FN after adjustment for race, BMI nadir, menopausal status and years of smoking (p = 0.014). Dolan and cols. (34) did not show any difference in the BMDs of those taking PI when compared to those not taking it, neither in the LS (p = 0.9) nor in the FP (p = 0.55).
The only cross-sectional study to evaluate BMD in relation to the use of ART reported a difference of more than 12% in the FN (p = 0.04) and no difference in the LS (statistic analysis not provided) of users when compared to non-users. In this study, all women with HIV had recently lost weight (35). 
Fractures in women on arT/Pi
Only one study evaluated osteoporotic fractures by spinal X-ray, after screening by IVA (Instant Vertebral Assessment), during DXA. One HIV-positive woman presented a vertebral compression fracture. No information was provided concerning the use of ART or PI (33) .
DiSCuSSioN
The present review included four cross-sectional studies and one clinical trial with the aim of evaluating bone mineral density and fractures in HIV-infected women using ART or PI. This review has demonstrated that there is a difference of over 3% in the BMD in the FN of HIV-infected women using PI and ART. The studies revealed no differences in the BMD of the LS between patients using PI and ART and those not using. One important fact is that no studies were designed to compare the use and non-use of PI in HIV-positive women.
The lack of studies that have employed image methods in order to evaluate fragility fractures rendered it impossible to draw any conclusion regarding this outcome.
Although a meta-analysis demonstrated the association of ART and PI with osteoporosis and osteopenia in HIV-infected individuals irrespective of sex (4) until the present time there have been no consensual data that confirm an association in HIV-infected women. In this review, one of the selected studies documented that the risk of osteoporosis was four times greater in HIV-infected women using PI. However, the reference group for calculating the odds ratio (OR) was made up of HIV-negative women and not HIV-infected women not using PI (28) . No other study calculated measures of association for osteopenia and osteoporosis in relation to the use of ART or PI. The various different forms of describing data amongst the selected studies provided difficulties for systematizing, tabulating results and interpreting the extracted data. This diversity also occurred in relation to the presented results regarding the variety of sites studied. The clinical consequences of bone loss in the PF are quite distinct from bone loss in the LS and not all the studies supplied data for all the evaluated sites. Furthermore, although the reported frequencies of osteopenia and osteoporosis were higher in those taking antiretroviral drugs, the majority of the studies did not provide any statistical analysis of the differences in prevalence, therefore rendering it impossible to confirm whether or not ART is associated to bone loss.
Some of the selected studies did not evaluate osteoporosis and osteopenia (34, 38) , but rather the difference between the BMD of women with or without the use of ART or PI. The majority demonstrated lower femoral neck BMD in women using ART/PI when compared to HIV-infected not using ART/PI. It is important to highlight that all the studies included in this review that reported this difference were crosssectional, which makes it impossible to state whether lower BMD actually resulted from the use of the drugs (causal inference). One exception was the study by Brown and cols. (38) , a longitudinal study on HIVinfected women before and after the introduction of ART. However, this study reported did not provide the statistical analysis of the differences. Nevertheless, these results are consistent with recent clinical trials which have shown a reduction in BMD after the introduction of ART or PI in a population including both men and women (26, 27) .
The main concern when osteopenia and osteoporosis are diagnosed is to prevent fragility fractures. Population studies have demonstrated that HIV-positive patients report a higher prevalence of fragility fractures (30) and secondary data taken from health system records (59) confirm the same when HIV-infected women are compared to HIV-negative women. However, to date, no study has evaluated if the use of ART or PI is related to a higher prevalence of fractures, confirmed by X-ray, specifically in HIV-infected women.
In relation to the limitations of the present review, it should be mentioned that it was impossible to access one of the studies selected by title from the EMBASE database and for which there was no abstract; however, the title suggested that it had studied the role of ART on bone mass in women (Figure 1) . One other limiting aspect refers to the differences in the population characteristics of the studies included and of the lack of a standardized description of the studied results.
Moreover, it is possible that the evidence produced by some of the selected studies may be subject to bias. All the cross-sectional studies were designed to compare HIV-infected and non-HIV infected individuals. Thus, it is possible that the internal comparison of the group of HIV-infected individuals was subject to random errors due to the small sample size (28, (33) (34) (35) . The selected studies (28, (33) (34) (35) 38) made no adjustments to the results in accordance with all the well-known, traditional risk factors for osteoporosis, therefore we were unable to see whether the results were in consequence of the exposures or of the possible confounding factors. Although the majority of the studies had conducted a multivariate analysis some of them (34, 35, 38) did not actually state if this statistical control had been carried out specifically during the analysis of the exposures and the outcomes evaluated in this review.
Finally, it is important to emphasize the lack of evidence regarding the role of ART and PI in the occurrence of osteoporosis and osteopenia, specifically in HIV-infected women. Certain considerations may indicate directions for future studies, which may go some way to clarifying this question: (a) longitudinal studies may verify this association using HIV-positive women without the previous use of ART or PI as a control group; (b) the use of WHO criteria to define osteoporosis and osteopenia is important in order to standardize the studied outcomes; (c) studies designed to verify the occurrence of fractures related to the use or nonuse of antiretrovirals, the use of image methods, may contribute to clarifying the clinical repercussions of osteoporosis in HIV-positive women; (d) the inclusion of traditional risk factors for osteoporosis as well as other possible associated factors such as the deficiency or insufficiency of vitamin D, could help to provide a more efficient control over the possible confusion factors.
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